Genetic trends for body composition and blood plasma parameters of newborn piglets were estimated through the comparison of two groups of pigs (G77 and G98, respectively) produced by inseminating Large White (LW) sows with semen from LW boars born either in 1977 or in 1998. Random samples of 18 G77 and 19 G98 newborn piglets were used for whole carcass and tissue sampling. Plasma concentrations of glucose, albumin and IGF-1 were determined on 75 G77 and 90 G98 piglets from 18 litters. The G98 piglets had less carcass dry matter, protein and energy (P , 0.01) than their G77 counterparts. When expressed in g/kg birth weight, livers were lighter (P , 0.001) and contained less glycogen (P , 0.01) in G98 piglets, with no difference in the activity of the hepatic glucose-6-phosphatase between G98 and G77 piglets. Concentrations of protein, DNA, RNA in longissimus dorsi muscle were unaffected by selection. Plasma concentrations of glucose (P , 0.05) and IGF-1 (P , 0.01) were lower in G98 than in G77 piglets. On the whole, the results suggest that the improvement in lean growth rate and in sow prolificacy from 1977 to 1998 has resulted in a lower maturity of piglets at birth.
Introduction
Pig populations have been selected for decades to improve lean growth efficiency, meat quality and, more recently, sow prolificacy in maternal lines (Ollivier, 1998; Tribout et al., 2003) . It has resulted in great improvements in growth rate, feed efficiency, carcass leanness and litter size at birth. For instance, gains of 75 g/day, 8.6% muscle and 2.9 piglets, i.e. 10%, 15% and 26% of the mean were reported by Tribout et al. (2003 and in the French Large White over the period 1977 to 1998 by comparing pigs issued from boars born either in 1977 or 1998. Yet, selection is likely to have affected many other traits, such as farrowing survival, which has been shown to decrease by Canario et al. (2007) . This deterioration could be related to differences in piglet maturity at birth. Indeed, strong differences in body composition and physiological maturity of newborn piglets were found between lean and fat genotypes (Le Dividich et al., 1991; Herpin et al., 1993) , suggesting that selection for leanness could have affected piglet maturity at birth. The aim of this study was to compare the physiological characteristics and the body composition of newborn piglets issued from Large White boars born either in 1977 or 1998.
Material and methods

Animals and measurements
The experiment took place in the INRA experimental herd of Bourges (18520 Avord). Two groups of pigs (G77 and G98) were produced by inseminating contemporary sows with semen from boars born either in 1977 or in 1998. Randomly chosen males and females from each of the two groups of pigs were kept for breeding and produced three successive generations of pigs by inter se mating. Further details on the experimental design are given in Tribout et al. (2003) , Canario (2006) and Canario et al. (2007) .
Blood samples were taken on piglets from the third generation of the experiment. The main reproductive performances of their dams, i.e. sows from the second generation, are given by Canario et al. (2007) . Sows were weighed and ultrasonically measured for backfat thickness on day 111 of gestation. They were fed 2.5 to 3 kg of standard commercial diet twice daily at 0800 and 1630 h and had free access to water in a low-pressure -E-mail: laurianne.canario@jouy.inra.fr nipple-drinker during the whole gestation period. Parturition was not induced. Sow parturition was observed continuously through video supervision from an adjacent room. Each expelled piglet was immediately caught, dried, classified as dead or alive and weighed as described in Canario (2006) and Canario et al. (2007) .
Blood samples were collected in heparinised tubes after umbilical cord cutting on 6 to 10 piglets from nine litters of each genetic group, resulting in a total of 89 G77 and 76 G98 samples. Each sample was centrifuged at 48C and 5000 3 g for 4 min, and the plasma was stored at 2208C. Plasma concentration of glucose was determined through automated enzymatic methods adapted to a multianalyser Cobas Mira apparatus (Roche, Basel, Switzerland). Glucose concentration was determined according to Trinder's principle using a commercial kit (Biomé rieux, Marcy-l'Etoile, France). Plasma concentrations of albumin and IGF-1 were measured by Bromocresol colorimetry (Biomerieux kit, Biomerieux SA, Marcy l'Etoile, France) and radio-immunology (Bekman Coulter kit, Beckman Coulter France, Villepinte, France), respectively.
A sub-sample of 18 G77 and 19 G98 piglets were randomly chosen in different litters so as to be representative of their genetic group. Soon after birth, piglets were dried and weighed. They were then slaughtered after a general anaesthesia by halothane inhalation and exsanguinated. The digestive tract and liver (without gall bladder) were removed and weighed. Samples (5-6 g) of liver and of the longissimus dorsi (LD) muscle were taken, frozen in liquid N 2 and stored at 2208C until they were analysed. Piglet carcasses without the liver and the digestive tract were also frozen in liquid N 2 for subsequent mincing and homogenisation. The dry matter, protein and energy content of the grinded lyophilised carcass were determined. The glycogen concentration of liver and LD muscle was measured as previously described (Le Dividich et al., 1991) . The total protein (Lowry et al., 1951) as well as the DNA and RNA contents were assessed on LD muscle according to the fluorimetric and spectrophotometric methods of Labarca and Paigen (1980) and Munro and Fleck (1969) , respectively.
Statistical analyses
Body composition data were compared using linear models including the slaughter date, genetic group and sex as fixed effects with the GLM procedure from the Statistical Analysis Systems Institute (SAS, 2001) software. Litter and metabolite concentrations data were analysed using a mixed linear model including the fixed effects of genetic group, farrowing batch (seven levels) and sex, as well as birth litter as a random effect. Analyses were performed with the MIXED procedure of the SAS (2001) software using an exchangeable correlation matrix on records of piglets from the same litter. In both cases, additional analyses were performed using piglet birth weight as a linear covariate.
Genetic trends between 1977 and 1998 were then computed as the double of the difference between the least-squares means of the two genetic groups (Smith, 1977) .
Results
Genetic group least-squares means and estimated genetic trends for body composition of the newborn piglets are shown in Table 1 . The percentages of carcass dry matter and protein were lower in G98 piglets compared with G77 piglets, whereas the percentage of carcass fat was unaffected by selection. It follows that carcass energy concentration was less in G98 piglets. Similarly, the LD muscle of G98 piglets contained less dry matter, but the two genetic groups had a similar LD glycogen content ( Table 2) . The total protein, RNA and DNA contents in LD muscle were unaffected by selection, whereas the RNA/protein ratio tended to be higher in G98 piglets.
The absolute weight of the liver was unaffected by selection (Table 3) . However, relative to birth weight, liver weight was 16% lower in G98 piglets. G98 piglets also tended to have less liver glycogen content. When expressed in per kg birth weight, hepatic glycogen stores were 24% less in G98 piglets compared with G77 piglets. However, the hepatic glucose-6-phosphatase activity was unaffected by selection.
Genetic group least-squares means and estimated genetic trends for blood plasma parameters are given in Table 4 . Plasma concentrations of glucose were lower in G98 piglets. Plasma concentrations of albumin tended (P 5 0.13) to be lower in G98 piglets. G98 piglets had a lower concentration of IGF-1 (P , 0.001). Further, birth weight and plasma levels of IGF-1 were positively correlated (P , 0.001). For each 100 g increase in birth weight, plasma IGF-1 concentrations increased by 1.49 6 0.22 and 0.82 6 0.23 ng/ml in piglets from the G77 and G98 groups, respectively. Slopes of the regression lines differed significantly (P , 0.01).
Discussion
The Large White population has mainly been selected on lean tissue growth and sow prolificacy over the 1977-98 period of time (Tribout et al., 2003 and , so that the differences in body composition and plasma blood parameters between G77 and G98 groups estimated in this study mainly reflect correlated responses to selection on these two components. As shown by Tribout et al. (2003) and Canario (2006) , selection has had different consequences on two traits potentially related to piglet maturity at birth: selection has not significantly affected gestation length, but has resulted in an increase in piglet birth weight.
Results of this study indicate that selection had marked effects on the body protein content, the liver weight and liver glycogen stores, and the plasma IGF-1 concentrations. Newborns from the G98 genetic group were heavier, had Canario, Pè re, Tribout, Thomas, David, Gogué, Herpin, Bidanel and Le Dividich similar body fat but less dry matter and a lower protein content than those from the G77 genetic group. Similar results are reported when foetuses from obese and lean strains of pigs are compared (Hoffman et al., 1983; or when newborns from the primitive Chinese (Meishan) breed are compared with those of a 'synthetic' line highly selected for muscle growth (Herpin et al., 1993) . The percentage of body protein in the newborns from the G98 genetic group is lower compared with that of the G77 group despite the fact that the capacity for protein Genetic trends for pig body composition at birth synthesis, assessed from the RNA/protein ratio in LD muscle, tends to be higher in G98 piglets. Furthermore, the lower percentage of protein in the newborns from the G98 genetic group compared with those of the G77 group is the reverse of what is observed for carcass lean content at slaughter. Indeed, G98 carcasses were found to be much leaner at slaughter, i.e. around 106 kg live weight (Tribout et al., 2004) . In other words, the genetic potential for increased muscle deposition (or muscle growth) in the G98 group is not overtly expressed until postnatal development. Relative liver weight was markedly lighter (216%) in G98 than in G77 piglets. Similar results were obtained when Meishan piglets were compared with piglets from a 'synthetic' line selected for a high growth rate (Herpin et al., 1993) . Although there was only a tendency for hepatic concentration of glycogen to be lower in G98 piglets, when combined with the weight of liver, the hepatic glycogen stores per kg birth-weight were 24% lower in G98 piglets. In contrast, the activity of glucose-6-phosphatase, a key gluconeogenic enzyme, was similar in both genetic groups, thus suggesting that selection has not altered the gluconeogenic capacity. Similarly, muscle glycogen concentration was unaffected by selection. Therefore, because the major part of the body glycogen stores ( ,90%) is located in muscle, it can be assumed that the reduced hepatic glycogen stores in the G98 piglets marginally affected total body glycogen stores. However, liver glycogen is the only source of glucose until a regular sucking activity is established (Herpin et al., 2002) . Therefore, piglets with reduced liver glycogen stores are more prone to hypoglycaemia, which may compromise their survival. This is in line with the lower piglet survival found in the G98 genetic group during the first 24 h of life (Canario, 2006) .
Of the four plasma parameters that were evaluated, only IGF-1, glucose and, to a lesser extent, albumin were affected by selection. Within each genetic group, plasma IGF-1 concentrations were positively related to birth weight, as previously reported by Hausman et al. (1991) and Wise et al. (1997) . However, more interesting was the finding that plasma IGF-1 concentrations were lower in G98 than in G77 piglets despite G98 piglets being heavier at birth, suggesting that IGF-1 level at birth is not correlated with postnatal muscle growth. However, as reported by Greenwood et al. (2002) in neonatal sheep, lower plasma IGF-1 concentrations may also be indicative of a lower maturity of the G98 piglets. Similar results were found when piglets from a 'synthetic' line highly selected for muscle growth were compared with Meishan piglets (Herpin et al., 1993) . Plasma cortisol level could not be measured on these piglets, but would have been of interest. Indeed, Leenhouwers et al. (2002a and 2002b) observed higher cortisol levels in piglets with high genetic merit for piglet survival and emphasised the role of cortisol in foetal organ maturation.
According to Stone (1984) , Stone and Christenson (1982) and Wise et al. (1991) , the plasma concentration of albumin is positively correlated with foetal weight and has been considered as a good marker of foetal development and maturity (Stone and Leymaster, 1985) . Thus, the tendency for plasma albumin levels to be lower in G98 piglets would be indicative of a lower maturity of these newborns compared with G77 piglets. However, it could also simply reflect the lower adiposity of the dams. Indeed, reported lower plasma albumin concentrations in newborns from a lean line compared with those from an obese line. Moreover, albumin synthesis takes place mainly in the liver. Because G98 piglets had a relative lighter liver, the lower plasma albumin concentrations found in these piglets could also be caused by a reduced synthesis in the liver.
Plasma glucose concentrations were in the range of those reported previously (Randall and L'Ecuyer, 1976) . Plasma glucose concentrations were lower in the G98 genetic group. Since this component increases with foetal age (Randall and L'Ecuyer, 1976) , it could be tempting to speculate that the lower plasma glucose concentrations found in G98 piglets is indicative of their lower maturity. However, because plasma glucose concentrations at birth are highly variable, and could be influenced by the stress of being born (Svendsen et al., 1986) , the real cause of the difference in plasma glucose concentrations at birth is difficult to establish.
The most pronounced changes in body composition during the later stages of pregnancy are the marked increase in liver weight, body dry matter and protein content (Hakkarainen, 1975; Becker et al., 1979; McPherson et al., 2004) . From the endocrine standpoint, the transition Leenhouwers et al. (2002a and 2002b) after finding that piglets with a high genetic merit for survival would resemble piglets from genetically obese lines. They also showed that these differences are related to lower, but more homogenous placental growth and, ultimately, a higher placental efficiency. However, the extent to which this immaturity affects postnatal development remains to be determined. Likewise, because the hepatic glycogen stores are reduced, it is of particular interest to investigate the impact of selection on sow maternal abilities and colostrum production capacity.
